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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a light-emitting 
diode, capable of inhibiting the deterioration of a 
radiant power output and reliability due to an impurity 
diffusion into a light-emitting layer 

SOLUTION: A second clad layer 18, which has carrier 
concentration lower than that of a third clad layer 20 
and to which a similar impurity (Zn) as the third clad 
layer 20 is doped, is formed between the third clad 
layer 20 and an active layer 16. Accordingly, the 
quantity of the impurity (Zn) which diffuse into the 
active layer is made lower than the case, when the third 
clad layer 20 is brought into contact directly with the 
active layer 16, because a diffusion into the active 
layer 16 of the impurity (Zn) existing among crystal 
lattices in the third clad layer 20 is inhibited by the 
second clad layer 18 which is formed between the third 
clad layer 20 and the active layer 16, while the carrier 
concentration in the second clad layer 18 is made lower 
than that in the third clad layer 20 and the quantity of 
the impurity (Zn) existing among the lattices in the 
second clad layer 18 is made smaller than in the third 
clad layer 20. 
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(57) i&m] 

[»»^ai «f3^9y 2 o tjgttjii 6 t&m 

td, t©» 3 ^ 7 y Ki 2 O i 9 tfiV^^r t V 7*K"C 

ra«**#gft (zn) as k— tr^^s*tfciB2 ^ 9 ^ Kg 

tt§16 fc(©re^R^e>tbfe: ; E:0»2^9s/ Kg 1 8 Id 
«toT, *<©»3^7iy KJB2 Ort^*5V^3lSfi»^ra 

(Zn) ^sffittJBi 6rt^fit«k-r5-i 

9 5^ Kg 2 0£9t>*-r yr»«dS{g:< $^T-?r^rtg|5 
t-^V^T*&^P^(-#ffii-^^^ (Zn) *dS*3^9^ 
KJB20J:9 t^*< £*bTV>&r£^^ ^<£>ii?3^ 
Kg 2 offiftli 6 ^in^LTV^^J: 19 

m&mi efticfcmirz^mm (z n ) i^>4<sn 

5o 
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p-l(L5(Gao4Akx6)o.$P 
. <7Xl0i«cm-a> 




mxm i ] &ytm t. m&ytm sr^-etta $ * h 
tiitffifeom 1 y Tm&kKzx o kiss 1 

y J: 5> 2 w^^tfs K-fi^$ 

IB 5 rifcJ:5 »jtIt-5S4 Lfc36Sr»affi 

■r y rm&x. y> *«v^S3 y rieair *s ± p k 

[1***2] Sfr!Em2^^gtHUlE^Jit©K 

wi5ff2©^^yT«««t!9 tffiv^4o*+ yr 
4: *5 J: 5 2 o^tf fed* K-KV^$*w/t 

JB4 **#»:H«r3eK:S«tfc *>©-C*5t»*« 1 ©IS**' 

-f K. 

[w**3] me«jfcB. mffEfg i ¥*fwi . 

UMB* 2 Rft&InGaAlP 3Rfl:£*>iMM*:-r 

&5 M*g[ 1 *fctt 2 Ko 

[»**4] B9fE?B 1 W^iffifett, pIOK-^h 
T'fcStt*^ 1 * fcte 3 CD^^y-f Ko 

[ft** 5] BiIiEf&3¥*&Jf I*, 0.05753g0.5(yn0 
CDJP$r^ltbtv^:tC0T?S.6t§*^l , 3, *3«fct*4 
<0{iHxfr<D&ftt?'f Ko 

[»#*6j BfffElB4^fl£Stts 0.0575S0.5(//m) 

*V tf— Ko 
[o 0 0 1 J 

[0 0 0 2] 

B $ * *>*bfc# l J: V* 2 t «:*tf 

fk*»2|Mlf#fl©*Bf iHB * ©ramam-rs r. t J; 

©383£^;^— K2S*o<b;ft/r<^5 0 #J;Ui, AlGaAsSS, 
GaAsP ^, GaP j&V >fiInGaAlP 3*$?©ft;-£-#>¥3Mfc 

0!|-e*>5 o rix6©5*>, InGaAlP ^©^#3^ 
3§3fcfcft555 ~650 (nm)*S* (Jft 

[0 0 0 3] 

Li 5 ir-rsiSJUl — ttfc:, JblE©J:5* 
***Val--KH:, 3U¥**JB:fc.fctMS2 2|*2IMHB© 

Ztl^tliZZn mm) ^Mg (-^^v-^A) 3?©p§!i© 
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K-^Vhfc45^, J^ttSe (-tru-^) ^Si OH 
m) fOnl© K— ht^S^MW K-t*V/$ 

t^sr irf'ior. ^ro^^yr^*4:$ti-fcsv^i 

[0 0 0 4] La»L*#fc, — ZtibtRl^VK* 

io fc**Mbas % xf^Sr-yt^^^o^lSt. USA 
rtfttto^s'THSf^ie, SfcttSfcRte^s'T'SrttfflL 
TV^iSmBf^t-^V^T^Jtil^J-ffiSfcL, ^3t^^- 
- K©#tt£r{£T£-£-5 9 Raffia* *>ofc 0 

£\ Wte*#*iwHtt»*art#±tw*tt©eT^& 

Ti-**>fe*{kSr*i*i-5 0 *lH i **»*v^4*2i|£ 
*»f fcit«L-CA9iitfi*38*B*&^-+'£?i: LT« 
20 Jx*i^#Blfc-r**> felSftWJESW^ it«S ft*:*!**** 

^v^ai-^^ttTv^o 

[0 0 0 5] HUlBcDInGaAlP ^it^¥o^m^X^-i 

«r # S 1t * {' ttAlGaAs^ft;#^l#^fls:^ tk^T ^5S* 

[0 0 0 6] «_h(?>*«?:W*i: LT^^ix 

K«r«tt-f S r t J^fc-So 
[0 0 0 7] 

*5 J: 5 l (O'KWfofr K- VsiTZtvliM l ¥3W 
e^£O'0fffi«©^2«)^^ y7»«t*5 J: 5 {-^2© 
^Mtl^ K-tr^^S*tfc*2*i»#:Ji4:S:^tp«*© 

¥«#j|cz>«i& t KM t ©F^idiim-T 6 n t J: *> ^ 

H^^fE^lccdr•ryT^S*«J;'9'b^£v^^3cr> 
50 ^$^fcJB3^J»fl:JBSria:(tfcr. iri^fcs 0 
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[0 0 0 8] 

m i #»»grt(-*5^T^ B t&^^#ft-rs^ i ro^p 

com 3 Jf SiH l ¥ WMI i 0 t> * + y TSfltitfffi; 
****JBi¥*fHB.fc0 V>&< SIXTHS 

Sf±, *3t*V*-— KflSlnGnAlP &it£®¥-mfr?r-^tiL 
[0 0 0 9] 

[3sw©te©«*l rrr% frigate, fitriH^^^- 

-Ktt, (b) WiEm2^^irBfrlS^^trora^ x 

mss; 2©*ty rig* <t 9 tfiv»jB4 y rmm 

i 5 t-*9IEm 2 ©^*fi«b*s K-t°^£*WtiB4 

S2^iftlt^it«t^ 2 

•r y TSStfeSI 2 y 7S«i 9 fcfi^lB 4 © 
i & 5 J: ? 2 co^fm^i^ K-ev/S 

flWSrJB 1 k*%M k ©HKRItfcf^illll* 

*f^ffl i- <fc o T^jtg {^tetfc-r 5 as 2 <D^w&m3fr>> 

M^iOf«Itbt *s«3fcSrt - k 7t>WM ZfrZ ft 

[ooio] *fc, mtzmytm. mmf&i* 

\\&M¥mfc-?tbZ>o Z<D X b t£-f*US\ InGaAlP %k{k 

< -r -5 » m+#fcjfflfBSi i <n> * +• y rMSv ■> « 
jB2©*-iryraiaf*ifis<«5i:*Ki, y 

Sfcifc, #U^fMM3J:tJW2¥*fWirtl£:fc^T» 

^2(©^*fi«l©fi:^^< ^5,, -CDjg^iiioV^T, ^tti 
hWi l J; u** 2 £ % jfcjf k V>ffl {d , 

tt«j3± vis 2 ©^«»*J3B3t«irt tit*-*-« ^ k am 

ffiiJSixSo Lfci ! cT, P>;h,5—;£-C$85tetti 
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mVk<Oi&Tfc± ZMfao fclnGaAlP aMbg-fe^V 

[ooii] silt-fa, HutE^ i «^FJne^3«, p 
*mmwi t Hxm k ©ibu-jb i <D^mwa<o v-t-^rm 

10 *©*l^i»«£JH^v^0f^©»l<O*iryr»«Sr 

t5f 1 ®»i^< ^Si^t'fx fcHTO^Hitt 
ia^fci^iS 3 ¥*e#J1 J; o TSSftJl^ <s>f& l co^M 

<*£«ScL^v^ri:^^>, 9$3¥«A:J|«rRlt««i#^* 

LV\, 

20 [0 0 12] »»fc»4, iiiiiE3B3¥*#:gte, 0. 

gfjgl-te, HulH^4^5gft:gf4. 0.057!/^0.5(Mtn)CDJf: 

«^ 2 *m&mi>*b&ftmPi^<om 1 w^Mfe^vt*^ 

-rs»*W*^«titt©ffiT«:»W Loo, ttM&fto 

30 m.^.m.m-£** y r»«*fiT-rsfciieo-c**-*-6« 
is i iMMWBsa 2 ¥m»m\ztt» L,xmm.i&ms 

Ht, r©J««tft©*3*l»#:Ji*JJ:t«B4i|M»#:Sa«Br 
fcJBi**#Ji*J:t«B2iNI»#Jl*>638Jl6Ji^<o 3 Ftt 

•t£*sr#ww-r«a***«»ir#bix!it<*sfcje>» 
[ooi3] $fig(^tt, WIE^3^^e*5j;y« 

40 I4¥»«:1IJ, -ttU**^^ y raMt^l X10" (cm 

-') «Ti:^^5„ r©J:5fcrixtf, *-ryr»*)JS 
+^(-i£< £*vr^-5i i*»5>» IB3*i»*JiJ3J:Vff 

[0 0 14] 

50 [00 15] 0114, &mw<D—MMM(D3g%,y-< 3— 
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-KioB, m^&iim&m%Lft^K o ?*i/— (movpe 

: Metal Organic Vapor Phase Epitaxy ) ffi^COj:< 

^ts^bfrtcmityv Kii4 % m&mi 6,^2 

? v y KB 1 8 , »3^7^KB20, & JrU?miSftt£i&: 

kfabm&tsfrx\,^z> 0 

[0 O 1 6] ±fSc^S«l 2f3\ Wx.f^350(Mm)m*^ 10 
ff^^n^aAs^f 9 ^fefig5{t:^^^-r*fct9, ni 

Mr iri-JZoT*^ y TjgS^l X10 18 (cm- 3 ) 

(/zm)S*Off^(Dn-In 0 .5(Gao. 4 Al 0 . 6 )o.sP *3lgft^ 

^yr»«^S5 X10 17 (cm" 3 ) SftfcSixT^So * 
it, ffittil6tt, 0J*tfO. 5 ( m m)S*Ol?$^un-In 
0 . 5 (Gao. 9 Alo. I )o. s P#^^^^c5>fl:^¥#^r*fe 20 

JW»J^ix^tLfflSL. S2^tJ7»flftt5 X10 17 
(cm" 3 ) g«T&6 0 

[0017] JB2^7S'KI18tt > 0iJxJ£ t = 

0. 2 ( m m) g^OJp £ CDp-In 0 . 5 (Gao. 4 Al 0 6 ) 0 . 5 P HU&iB 

Zn (ffift) Wftfct IT K-^SixSr tiJliot* 
*Vrmm&7 XIO 16 (cm" 3 ) g«fc<*;ft,T^5o Z<D 30 

TW*v\, ^3^7$/Ki2 0ft WiliKnin) 

*l*OJ? $ <Dp~ln 0 . 5 (Gao.,Alo. 6 ) o. 5 P itMS^ h$LZ> 

IT K-7°£*bSr tl^oT^ y T»&&5 X 
10" (cm" 3 ) ffift£$*i/T^5o Lfc23oT, — *f^>« 
ffi2 4, 2 6BB^Bf^BS6«£ESrB3JP-rsr ^(-J:o 40 
TffittI16TM^ii:^3t^ StSdS640(nm) g 

7^Ki2otit *iryr»«*s»*s<fittiRi«*{t 

fb*fclRl«iT*&So *<ntc$>, ZithhcDTfnm K~t°^ 
^*oit;*s^ir yr»«<7?Jfc^/Si:fcfii:*oT, «2 
KB 1 8fcjs^6^tt«K--t*x^*tt«3^9 
s> KB 2 0 tcM-r^^FM^i K— tfV^fiJ: 9 fc4>*< # 
oT^5„ *HHfi«^*3V^Ttt, ±8a<£>* 2 ^ 5 <y KB 
^|f?3^gf«gi^ *3^^sy KS^l^lfWli^ 50 
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SU JB3©*t5 7»«li7 X10 16 (cm' 3 ) 6*, jR 

io^^yr»ffj45 xio 17 (cm- 3 ) s«i-*fc-fe3B2 

^ty7lfti:|5Hli^nTV^ 0 
[0 0 18] ailc&IRB 2 2 0iJx.*i5(//m)a 

p®cD K-/^ Kt?*>SZndS^*E«ii: IT K— ^SixS 

r^iaoTdrtyrM^i xio 18 ( cm - 3 ) mmtz 

*LTV<>5 0 re^m«feffcB2 2&*S/&-r5GaP tt^Tffi* 

[0 0 19] £fc, flfflE^TSPS^ 2 4 fi, 0ij^tfl(// 

1 2ftiJ^^|iH(^Au-Ge^, Ni*3<tI^Au^aJB?BfifcStt 
fctO-CfcSo JhSBfliffi 2 6 tt x ^Jx.«l(Mm)m 

^f^Tfe-T, ®gst£t&B 2 2 com^ 2 S(D^j^m 

K^^X^(DmmUWm 2 2Ma>kNBi£Au-Zire^*5<fc 

[0020] «±«>J:5*2:«fi8S*tS»*^>f^-Ki 

<m. ffj***, mwxxt lt k y t^/uxv (t 
mg) , fy^^r^^^A (tma) , hy^^- 

/WT^v^^ (TMI) . T/lsis^ (AsHs) , feJltJ 5 * 
(PH3 ) . pio K-^V LT^if 
(DEZ) , nlOK-^yh^tLTtUy 
ft** (H 2 Se) 8:/BV\ MOVPEgfluioTSgl 

2 _hfc JB l?7yK114 75£«%1£1RB 2 2 

M> #a<z?ffittfcJ:V^ir yrftSJrjSCT K— ^>-K 

[0 0 2 1 ] ^LT, Ji|Bcoj:5(-LT^bnfe^rc/N 

L, Si^ ^^^^J:oTffl/r<Z)5S3ty>f^--Kfc 

-Yat— Kl0dS»bftS o **3, «3fc^t-Kl0 
fi, 0iJx.^HI^L^v>TO l 8^^>^ F^x^^i-^ 

[0 0 2 2] r^T\ H2*5J:05IE!3ti x _hfEO%7t^ 
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L^»^*36W*^*^«r. «0ffl«SrlOO(%) ttt 
ffi#ffi-e*Lfcfc<z>-es>So *Hlfe«^J:ixfi, 1000 

KStfU «*<o»5fe^-T^— K"Ctt, 10 <8#fH> e«<z> 
itttiim-etWfed^^SJttliAffiT^^C, 1000 <B$ 

w> ummmmm-rz t&ytttijjftso (%> s**-e<6 

[0023] *mmm\z-£ti\^ mst^y 

o j: 9 tffiv^-Y y r »«"eim«*^«» (z n ) a* k- 

tV/^WcI 2 ^ 7 7 Ki 1 8 «it b^So 

»3^5yKi20i:ffittil 6£<olHfc:IS»te>n 
fc^l2^7^Kil8(aot, *<Z>»3^9$>K 

*2 ortfcfev^rfe*»^Mfc#SEi-*^F#fi* (Zn) ^ 

I2^7^K118^I3^75/Kf2 0j;n^ty 
(Zn) fi^|g 3^7ixKi20J:!) fc^* < 

TV^5r ir^fe, *©JB3^9y KB 2 Offittfl 6 

nm (zn) a^*< £n#o bfcasot\ et^Bi e 

[0 0 2 4] ^JgMl-fcl^TfS, gl^7^7 

{BftufclnGaAlP Sfb^»^*flct?S>6 0 ^<£>InGaAlP » 

^nbm i y T«an*vM*#2£>*ir y r»«sr 

3 0 7? KB 2 OjsiU^l ^9s> KB 1 4i*jfc*3^T 

£ 0 ^Jf^fc^T, ffittB 1 6 tm 3 ^"7 v KS2 
0ifl5rai:, *<£>JB3^9s' KB 2 0 XV fc^F3W»K— 
^Sas^fcv^ 2^7^Kil8 ASKit r i: 
l^i J: 0 . **Mfe (Zn) ^ffittBi ertfciSIKi-Siiids 
»WJ£Jx5*:«>, S5»ff^»e>ix5— ^T^Jtttl^^ff 
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^5«3K^>f^— ki oi-^v^r. $&ytm?} j $>{nm&<7> 
[0025] ^^(-^xte, mrSBS2^5 

y Kll 8fcJ\ t =0. 2(nm)U&(Om^X-mfbtlX^^ 
6 0 W,W7y Kll 8<£>ff$E\ S?3^5 

s> KB 2 0 ^bffittS 1 6 fo^(D^myo (Zn) t£>J£ife£ 

ft^tt^ffiT^wi*j too, m^ffi^if^j-sia-rs 
[0026] eia^tt, mum 2? ? y kbi 8 

tt, **yr»a»*7 xio 16 (cm" 3 ) S*i:Sivt^ 

fc**e>, i 2 ^ 7 ^ ki i 8 ctt t#s^f B i w 

[0 0 2 7] ##W<0ffi<0*tt«fcRW^«o * 

[0028] H4it mmm i conw^*ns-rs»»* 

^7^K118 ttR»t &*b-T, JB l ^ 9 y K« l 4 fcffi 
ttii ekomzm*??* KB 3 o^Ba^^te>i^Tv^ 

^7yKi3 0tt, Mitf, t =0. 2(nm)m8t(Om£<D 
n-In 0 . 5 (Gao.4Alo.6)o. 5 P 

/^Mrtiaot^tyrM^ xio 16 (cm- 3 ) 

4dS*l4 £ **Jll^ i4^75/Ki30^l3fi* 
Bl-*B^U *3<?5^riryT»«tt7 X10 16 (cm" 3 ) g 

y KB 1 4 rt^#«E-TS»^M^*E» (Se) iJSffittJi 1 

^fc^ l B i: ^3tB t <o« l^Rit t> tit J: v ^co 
40 t?S>5 0 

[0 0 2 9] B5lt MI-ft&^SIllfiftlSrBlM"t-Sfc«)C9 
iaT-fcoT, H4^*HJ:i- 5Ht?&So **itfia»2:*3U^ 
Ttt. jgl^7yKil4 tftttll 6 b<vffl^m4? 

=7? KB 3 0^S. 13^75/ KB 2 0 kffittll 6 t<D 

m\zm2?9 7 k® i 8^^tb^tbRttbnr^5 0 r 

tlbmifyy KB 3 0*5«ttJ«»2^5y KB 1 8«\ 

mrfEU l *5 J; t^H 4 t^lStt S nfc * v> t mMft h <dt*& 

^ft^fo&mZ t n v tp teMtlhO. 2(nm)fe&b 

$ttx^^ 0 ^mt&m^^^xi^ si^jy kb i 4 

50 as«2¥»fttBte, i2^7^K118^i3W^l 
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0(Z?fifiX^Srtt-# : l9Ei"5 :; F#e* (Zn, Se) ffitt 

ill 6rtJrJt«'f"S^i:*jB4^5y K«3 o#VMi» 

[0 0 3 0] £U:. *38W^-*«SWSrHffiS:#RHL"C 

3 C 10 

[0 0 3 1] ^W^^Tfi, #3B9itfSlnGa 

A1P ^^^nflljg^JgJt^^— Kl Oi^igffl^ 
H^^tdoV^Ttft^Lfc^, InGaAs^, AlGaAs^, Ga 

[0 0 3 2] i/c. HJfiWrjSl^TttU 1 2^GaAs 

ft-&4fc**#^&«rt*tbSi:*i;:, 2 2 # 

GaP n^C9 K-^°^ h t L 

p ^inP «#JHv^;h/r*>J:<. *fc, «sei£tRJ|2 2 

t LTttlnGaAlP ^L^^^GaAlAs^^^v^ b^T 
fcJ:V\ n^K-^>-f£LTf3Si;^/^bn 

[0 0 3 3] ^JEfl&maSS 1 ^ 7 ix KJ1 1 4 

2 2^MOVPES(:J;oXgSMHb 

*tfc»3t^>f k 1 0 \-*mwi>mm ^ti^co 30 

l^TKMLfca*, &m&ft*m=V?*is— (MB E : 
Molecular Beam Epitaxy) JBcft^if^^V— (LP 
E : Liquid Phase Epitaxy) j£^<£>ft!l(£>^ t 0 ^ ^ i/^/V 

[0 0 3 4] ^SW^^Tf*. »2^7yKi 

1 8*3<tt/fB4^5^ kji 3 oc^^-r y r»«asfa*Lfc 

7 X10 16 (cm" 3 ) S*^*ixTV^dS, ZtlbO**}) 

1 xio 17 (cm- 3 ) e*KT<z>ttffl-ciS:i:*JE 

StbSo 40 
[0 0 3 5] mm 12, »1^7^Kil4 75^ 

«»t£*«2 2©#^co»*ttigs:aE5isnSo fau 

^3^7^KIl 8t3±U«i4^7S' Kg 3 0 * 
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= 35 1 ?7y Kil 4|fc^tt»3^7y K12 OP^OD 
»i«:*rft«fcHB; < -f 5 ft , 0. 05-0. 5 U m) SS^«5 

[0 0 3 6] ^W^l^Tte, SttJSl 6^un 

-In 0 .5 (Gaelic, i) o. 5 PMb s b^ £ ixT V , 

[0 0 3 7] 01, El 4, :j3<fclW8 5^K:*£;h, 

5*^#M«-*5V^T, »l?7yK114 iS«l 2 t 

<Dwz.¥m&&mmR&m (dbr) ^mi^^t^ 

[0 0 3 8] Sfc, ^Jfe0U«-*3V>"rW. t£ffi#3t3[<Z>* 

[0039] -^j^fSL&v^ ^wra:* 

So 

[BS^)ffi¥«Kn] 

[Ell] ^W^-l6*0y^»*^-f *-K^«rtSr« 

[El 2] Hl^**^>f^-K<03B>tm^jSr«*0** 

[El 3] Hl^*3fc^*— K^«^«H4Srfl6*«>** 
K £ Jfcffe LT^EIT*fc^ 0 

[Ei 4 ] ^m<om<ommm<D^^^ wmfin: 

1 O : &dt?4*r~- K 

14 : m 1 ^ 7 jx Kg (US 2 

1 6 : ©ttJf 

18 :»2^5?K1 (jR 3 ^WffJB) 

2 0 : m 3 ^ 7 y KJ1 (* 1 ¥*^S) 

3 0 :»4??yKI («f 4 



(7) 



«M»¥l 0-2 8 4 7 5 6 



[121] 



im2] 
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